Abstract Faults or failures are inevitable to occur and their prompt detection and isolation are essential for the dependability of various systems and for avoiding damages to the system itself, persons and the environment. Therefore, the safety of helicopter platforms have attracted the attention of many researchers in the past two decades. In order to deal with these problems, this paper presents an overview of the recent development and current researches in the field of fault diagnosis, including analytical/model-based, signal processingbased and knowledge-based techniques, and also passive/active fault-tolerant control approaches.
Introduction
Helicopters are widely used due to their features of long hovering in the air, Vertical TakeOff and Landing (VTOL) capability, low-altitude, low-speed and flexible flight. The structural characteristics and application conditions make helicopter accident rate far higher than fixed-wing aircraft. The development of sophisticated and reliable Unmanned Helicopters (UH) has become an attractive research topic in academic communities worldwide [12] Thus, a fault/failure in any part of the unmanned helicopter can be catastrophic. If the fault/failure is not detected and accommodated, the helicopter may crash [40] . The faults or failures detection and isolation are essential and Fault Diagnosis (FD) techniques have been widely used in process industry to detect faults in actuators, sensors or components. Recent books/surveys [16, 31, 42, 49] and [29] are recommended to readers for an overview of FD techniques. With FD techniques, control strategies or mission planning schemes are able to be adjusted after detection of a fault. Generally speaking, FD contains three steps: fault detection, fault isolation and fault estimation. Fault detection is to decide whether or not a fault has occurred, fault isolation is to determine the location of the fault, and fault estimation is to determine the kind of the fault and its severity. In order to maintain the acceptable performance of the system after a fault occurs, Fault-Tolerant Control (FTC) or Fault Detection, Isolation and Recovery (FDIR) technique is necessary. FTC and FDIR techniques are means to increase reliability and safety to the system. In this article, we will focus on FTC techniques applied and to be applied to rotary-wing, in particular, single-rotor manned and unmanned helicopters. In general, FTC approaches can be classified into two types: passive and active [99] . In passive FTC systems, controllers are fixed and designed to be robust against a class of presumed faults. Active FTC systems react to the system faults actively by reconfiguring control actions so that the stability and acceptable performance of the entire system can be maintained. To achieve a successful active FTC system, diagnosing system faults is necessary. For an overall picture of the FTC approaches, the readers can refer to recent books [10, 59, 80, 94, 96] and survey papers ([99] and others).
Because of helicopters' highly nonlinear feature, difficulty in control and less hardware redundancy, increasing demands for helicopter safety has attracted more and more attention in the research and development of FD and FTC techniques. Several review/survey papers related to the safety topic on aerial vehicles have appeared in recent years both in FD and FTC frameworks [18, 19, 22, 81] and [23] . In this paper, we presents an overview on the existing works on fault diagnosis and fault-tolerant control approaches for helicopters. The proposed review includes journal articles in last two decades, conference articles in last several years and some books, in open literature, relating to FD and FTC approaches on helicopters, containing mainly on-line and realtime approaches.
Compared to [78] and [77] written by the same authors, this paper contains some discussions on FD and FTC approaches with more details on specific techniques devoted to helicopters. Some of these approaches are proposed specifically for helicopters while some of them are common FD/FTC approaches and illustrated by helicopters. However, both of them are successfully applied for all kinds of helicopters or helicopter models.
In comparison with a recent contribution [98] , this paper mainly focus in details on single rotorcraft helicopters, including both manned/
